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WIND-TUNNEL INVESTIGATION OF RECTANGULAR AND
TAPERED N.A.C.A. 23012 WINGS WITH PLAIN
AILERONS AND FULL-SPAN SPLIT FLAPS

By Carl J. Wenzinger and Milton B. Ames, Jr.
SUMMARY

An investigation was made in the ¥.A.C.A., 7- by 10—
foot wind tunnel to determine the aerodynamilc properties
of rectangular and tapered N.A.C.A. 23012 wings with plain
ailerons and & full-span split flap, the flap retracting
ahead of the allerons. Measurements were made of 1ift and
drag and of pltching, rolling, yawing, and hinge moments
for all conditions of full-span flaps neutral and deflect-—
ed at differont chord locations.

The results of the tests showed that a Oe20c, full-
span split flap located at approximately the 0.75c, roint

gave higher 1ift coefficlents than had previously been ob=
tained with a conventional O.20¢c, partial-span split flap
of 2 length to permit satisfactory control with plain ai-
lerons. S%1ll highor 1lifts were obtained if the full-
span flap, when deflected, was moved back to the alleron
axis. Moving the flap back to the aileron axis, in gen-
eral, improved the alleron characteristics over those with
the flap retracted. The most promising arrangement of
full-span split flap and plain aileron combination tested,
both for high 1ift and lateral control, was the rectangular
wing with 0.20c, flap deflected 60° at the 0.90cy; location

with 0.10c,, semispan allerons.
INTRODUGCTION

The most commonly used device for increasling the max-
imum 1ift coefficient over that obtained with & conven-
tional wing is the partial-span split flap extendlng along
the inner portion of the wing span., For lateral control,
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trailing—~odge ailerons that extend from the outboard ends
of the flap to the wing tips are used. TNaturelly, such an
arrangement does not take full advantage of the potential
value of the flap in asgsisting the take-off, In decreaslnag
the landing speed, and in steepening the gliding angle at
landing. : - : .

FPullespan high-lift devices are seldom used on alr-
planes at the prosent time because of the difficulty of
obtaining satisfactory lateral control with the 1ift-
increasing device extending along the ontire tralling
edge of the wling. A number of control devices adaptable
to wings with o full-sgpan flap have heen investigated
(referonces 1 and 2) and several of the devices showed
considerable promise.

One of the devices tosted consisted of s combination
of plain allerons and a full~span esplit flap, the flap ro-—
tracting ahead of the ailerons. The brief flight investli-
gatlion (reference 1) of the arrangement having shown it to
be one of the most satisfactory of the devices tested,
conglderadly more detailed aercdynamic information for the
device appeared desirable.

The present investigation includes tests of a rectan-
gular wing and of a highly tapered wing with plain aller-
ons of different silge and with full-sgpan split flaps of
dlfferent chord tested ot several locatlons.

APPARATUS AND TESTS

Models

Two wilng models wesre used: one has a rectangular
plan form and the other is tapered 5tl. Both modele have
a span of 60 inches and a geometric aspect ratio of 6.
The wings are of laminated mahogany and are of N.A.C.A.
23012 profile. The maximum ordinates for all sectlone of
the tapered wing on the upper surface are in a horizontal
plane and the slopes in plan form of the leading snd trall-

ing edges are equal,

The tested arrangements are ligted in the following
table; the combinations are shown in figures 1 to 5.
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Model Arrangements Toested

Aileron Flap Flap lo-— -
Ting gsize chord cation 1 ;{
(percent (per- (per— t: sc—
plan form ¢y by per- cent cent (dgz )
cent b/2) Cy) ey’ .
i - i 15
- 50
15 by 860 J 20 < Sg L 60
Rectangular-< L
f] 70
‘ | 96 J

10 by 100 {
80
3 l[ i0 { 30 } 75

Tapored 15 by 60 20 65 } 60

85

The aileron glzes were chosen on the basis of those
giving sufflcient and approximately the same amount of
rolling conitrol under similar conditions. The ailesrons on
the rectangular wing were recitangular in plan form and
those on the tapered model tapered with the wing, the chord
at any longitudinal section being 15 vrercent of the wing

chord (ec,) at the same point.

Barlier tests (reference 3) showed that moments caused
by both right and left allerons could be found separately
and added to glve tho total effect. The models were there—
fore constructed with ailerons on only the right wing.

The alilerons were consiructed. so that they could ro-
tate freely in order that the hinge-~moment coefficients
could be determined. HEingo moments were measured by the
calibrated twist of a long slender steel rod extending
2long the hinge axis from the aileron through the tunnel
wall to the balance frame outside the test chamber., 4
locking dovice held the aileron rigidly at a given deflesc—
tion while the rolling and yawing moments werc being meas—
ured. In 211 tosts the gap between the alleron and the
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wing was sealed with a light grease because 1t has been
shown (reference 4) that the rolling moments are decrsased
when the gap ig' left open.

The full-span split flaps were rec+angular in plan
form on the rectanguler model and tapered with the wling on
the tapered model, the chord at any longitudinal section
. being 20 percent of the wing chord a2t the same section.
A1l tho flaps were made of 1/1l6-inch sheet steel and were
attached by small wood screws to the Wing at the degired
angle,

Wind Tunnel

The tests woere made in the WN.A.C.A. 7=~ by 10-~foot
tunnel, which has a closed test chamber and return passage.
The tunnel and the regular 6-~component balance are de-
scribed 1n references 5 and 6. On this balance the six
conponents of aerodynamic forces and moments are measured
independently and simultaneously with respect to the wind
axcg of the model.

Tests

The dynamic pressure was meintained constant throﬁgh-
out the tests at 16.37 pounds per square fool, correspond-
ing to an air speed of adbout 80 miles per hour at standard
gsea~level conditlons. The average teat Reynolds Number
was 609,000 based on the mean wing chord of 10 inches.

The angle—of~attack range extondod from below zero 1lift to
beyond the stall of the wlng. Alleron deflections rangod
from —=40° (up) to 30° (down) and were measured in a planse
perpendicular to theilr hinge axes.

Force tests were made of the rectangular and the ta-
rered wlngs with the ailerons neutral and the full-span
split flaps neutral and deflected at the different flap
locationa. The flap deflections chosen are those glving
the maximum 1ift for each size used. WWith these arrange-—
ments lift, drag, and pitching-moment coefflcients were
neagsured. The ailerons were then deflected and the roll-
ing-, the yawing-, and the hingec-moment coefficlents were
obtained for the conditions of flaps neubtral and flaps de—
flected at the various locatioans.
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RESULTS AND DISCUSSIONW

Form of presentation of Data

The test results are given in the form of absolute
coefficients of 1ift and drag, and of pitching, rolling,
yawling, and hinge moments.

C1.

where S

Qs

1ift
gS

Ay

(3
Ez

']

Q
7))

pitchlng moment about aerodynamic center
of plain wing
geS

roll¥ns moment
qbsS

yawling moment
"~ qbS

binge moment
qdcg Sg

lg the wing area.

the wing span.

the mean geometric chord of the wing,.

the area of one aileron.

the root—-mean-square chord of & tapored
aileron; 1.8., the square root of the
mean of the sguares of the alleron

chords along its span,

the dynemie pressure.

A1l coefficilents, except those of the hinge moment, were
obtained directly from the balance and refer to the wind
(or %unnel) axes.
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The data were corrscted for tunnel effects to aspect
ratio 6 in free air. The standard jest-boundary correc-
tions wore applied:

Aw = 8 5 O 57.3 (degrees)

2
acp = 8 8 o

where C 1s the jet cross—sectional area. A value of
8§ = 04,117 for the closed-throgt 7~ by 10-foot wind tun-
nel was used in correcting the test resulia.

Effect of-FPlap Location and Flap Chord on
Wing Characteristics

Lift and drag coefficilients for the rectangular wing
with the 0.20¢c, split flap at different locations arse
glven in figure 6 and the pitching-moment coefflcients, in
figure 7, Similar data for the rectangular wing with the
0.10¢y split flap at different locations are given in fig-
ures 8 and 9, The 1ift and drag coefficients of the 5:1
tapered wing wilth the 0.20cy tapered flap at different lo-
catlons arec given in figure 10 and the pltching-moment
coefficients are glven in figure 11. The offect of flap
location on the increasge in maximum 1lift coefflclent .
(Achax) for the rectangular and the tapered wings is

plotted in figure 12, ;

Some aerodynamic characteristics of the rectangular
.wing with flaps of different -chord ard at dlfferent loca-
tlons and of the 5:1 tapered wing with tapered flaps at
several locations are compared in table I,

It will be noted, for all wings and flaps tested,
that the maximum 1ift coefficient increaged as the flap
hinge axls approached the trailing edge of the wing. (See
also references 7 and 8.,) The highest maximum 1if% coef-
ficient with the full-span split flaps was obtalned with a
0.20cy flap with the hinge axls located at the 0.90cy lo-
cation. The valuss of maximum 1ift coefficlent with flap
doeflected were slightly higher for the rectangular wing
than for the 541 tapered wing at corresnonding conditiong.
The O4l0cy flap deflected at 75° gave much lower values of
Achax than those obtained wlth the 0.20cy flap deflected
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60° at similar locations on the rectangular wing. TFor both
the wings tested, the values of the diving (negative)
pitching-moment coefficientes increased as the dlstance of
the flap axis from the leading edge of the wing increased.
These results ars in general agreement with those of previ-
ous tests reported in references 7 and 8.

Comparison of Partial-Span Flaps with FulleSpan Flaps
- at Various Locatlons

Previous tests of .conventional partial—span split
flaps (references 4 and 9) indicated that a 0.20cy by 0.70D
flap deflected 60° might be- expected to give an increase
in maximum 1ift coefficient of aboub 0.76 over the plain
rectangular wing. The present tests of an N.AL.C.A, 23012
rectangular wing show that & 0.20cyg full-span split flap
deflected 60° with =& fixed hinge axis at the O. 706‘ loca—
tion gave 2n increase in maximum 1ift coefficient of 0.826
over that obitained with the flap neutral. If the hinge
axis of the full~-span split flap was moved from the 0.70cy
to the 0.90cy locatlion when the flap was deflected, the in-
erease in maximum 1ift coefficlent was 1.07. For the tae—
pered wing, it was found necessary to move the 0. 20Cy fulle
gpan flap back to at least the 0. 75¢y, location bsfore the
1ift incremente due to it exceeded those of a tapered
partial-=gpan flap (0.70b). The 1lift increments obiainabdle
with fullespan split flaps over those of convenbtlonal
rartial-span flaps on tapered wings also are conslideradbly
smaller than those indicated for rectangular wings. From
the foregolng comparisons, together with the asrodynamicwm
characteristics of wings with full-span flaps given in
table I, 1%t appears reasonable o expect 2 greater increase
¥n maxlmum 11ift coefficient with & 0.20cy; full~span split
flap than that obtained with the conventional rartlial-gpan
split. flap for full-span flap locations of 0.75cy or more
from the leading sdge of the winge. ’ )

Aileron Characteristics, Rectangular wing

Rolling-, yawing-, and hinge-moment coefficients due
%0 the 0,150y by 0.60 b/2 aileron on the rectangular wing
for several angles of. atbtack are given in figure 13(a)
with flap neubral, 13(b) witk O, 20¢, flap deflected 60° at

the 0.65cy location, and in 13(c) with the 0.20cy flap de-~
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flected 60° at the 0.85c, location, Fith the flap nsutral
(fig. 13(a)) an interesting point is the hump in the roll-
ing~moment curves for alleron deflections of about 15°

with the partial-span silercn,_. This effect may be a char-
acteristic of the particular aileron and wing—section com-
bination inagmuch as it has not been gbserved 1n tests of
other arrangements. Comparison of the three sets of curves
shows the effect on 2ileron control of the full-span flap
when deflected to be a decrease in the .slope of the rolling-—
moment-coefficient curve and a decrease in the adverse yaw.
The rolling-moment coefflcients for downward deflections of
the alleron were also decreased when the flap was deflected.
When {the flap hinge axis with flap deflected was &t the
same wing-chord location as the aileron axlia, the valuss.of
the rolling-moment coefficients for large up~ailercon de=~
flectlions were practically the same asg when the flap was
neutral, With thege flap arrangements on the rectangular
wlng, the maximum rolling-moment coefficients occcurred ail
20% aileron deflection. For deflections of the aileron’
greater than 20° down, the rollingemoment coefficients
rapidly decreasgs. '

Figureg l4(a), 14(b), and 14(c) give the rolling-,
the yawing-, and the hinge-moment coefficients for the
06.10c, by 1.00 b/2 aileron on the rectangular wing with
the 0.20e¢, flap neutral, deflected 60° at the 0.70c, loca-
tion, and deflected 60° at the 0.90cy location. The smane
general results were obtained with the 0.1l5ey by 0.60 b/2

aileron and the same flap, with the exception that the
meximum rolling-moment coeffliclients due to the 0.10cy by
1.00 b/2 aileron were slightly higher.

y

The rolling-, the yawing-, and the hinge-moment cocf-
ficients due to the Q.1l0cy Dby 1.00 b/2 aileron on the rec-—
tengulay wing wilth the 0.1lOcy, split flap deflected 75° af
the 0.80cy and 0.90cy locations are plotted in figure 15.
The aileron characterigtics ars similar to those obtaimned
with the other combinatlions on the rectangular wing.

Aileron Chavacteristics, Tapered Wing

Figure 16 givééftho rolling~, tho yawing-, and the
hinge~moment coefficients of the 0.1l5cy; by 0.60 b/2 ta-
pered aileron on the 5:1 tapered wing with the 0.20cy ta-

pered'full~span split flap neutral and deflected 60° at
the 0.65¢cy and 0.85c¢cy locations. The characterigtics of
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the tapesred aileron on the tapsred wing with the full~span
flap are of the same general nature as those of the vari-
ous combinations of the ailerons and flaps tested on the _
rectangular wing. The rolling-moment coefficlients due o
the tapered aileron on the tapered wing are, in general,
somewhat less than those obtained with the O,1l5cy by 0.60
b/2 aileron and the 0.20cy flap on the rectangular wing
under corresponding conditions. Owing to the smaller
damping in roll of the taepered wing, the ailerons on this
wing are, however, probadbly as effective as those on the
rectangular wing. )

CONGLUSIONS

1. A 0.20cy fulli-span split flap located at approxi-
mately the 0,75cy point gave higher 1ift coefficients than
had previously been obtained with & conventional 0.20cy
partial-span split flap of & length to permit satisfactory.
control with plain allerons. :

2 ' The diving piitching-moment coefficlents of the
wing and the flap increased as the distance of the flap
from the leading edge of the wing increased. - -

3« The slope of the curves of rollling-moment coeffi-
cient was decreased when full-span split flaps located
ahead of plain ailerons were deflected.

4. TWhen a full-span split flap was deflected at the
same axlis location as ths aileron, the walue of the
rolling-moment coefficient for the maeximum upwerd deflec-
tion of the aileron tested was about the same as when the
. flap was neutral; the maximum rolling-moment coefficilent
was less for down-aileron deflectionsg than for flap neou-
tral; and the adverse yawing-moment coefficlents were less
than for flap neutral, ' '

. S+ The most promisging arrangement of full-span split
flap and plain aileron combination tested for both high
1ift and lateral control was the rectangular wing with
0.20cy flap deflected 60° at 0.90cy location and the 0,10cy
by 1.0Q0 b/2 aileron. .

6e The flap and 2lleron on the tapered wing gave some-
what lower 1ift and lower rolllng-moment coefficients than
the corresponding flap and aileron on the rectangular wing.

Longley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautiecs,
Langley Field, Va., July 26, 1938
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TABLE I
Comparigon of Rectangular and Tapered ¥.A.C.A, 23012
Wings with Full-—Span Split Flaps
Flap Flap lo- L/D
chord cation Gy, AGL Cq,
(per- (percent ma.x : me.x 5—355 at
cent ey ) Dpin 0y,
Cyr) max
Rectangular wing
No flap - 1,091 - 128.4 12,1
15 « 935 -0,156 110.0 5.26
50 1.632 .541 i92,0 5.13
20 65 1.836 « 745 216.0 4,96
70 1.917 .828 225.5 4.98
85 2.115 1.024 248.8 4,99
90 2,161 1.070 254 ,2 5.16
10 80 1.774 .683 208.7 6.14
90 1.923 .832 226.2 6.08
Tapered wing
No flap - 1,112 - 152.3 9.75
20 65 1.719 0.607 235.56 5,18
85 1.996 .884 273.4 5,58
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Figs. 1,2
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Figure 1. = The rectangular N.A.C.A. 23012 wing with 0.15 by 0.80 bv/2 plain
allerons and a fuli-span 0.20 cy 8plit flap a.tcg.
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Figs. 3.4
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Figs. 5,7
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Filgure 11. = Pitching-moment ocoefficlent of G:l tapered wing with full-zpan 0.20 oy 5:1
tapered split flap at two loocations. Flap deflected 600 , aileron neutral.
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Figure 15.- Rolling-~,yawing-, and hinge-moment coeificients of 0,10 cy by 1.00 b/2 plain alleron on rectangular

wing wilth full-span 0.10 ¢y split flap deflected 75°al two locations.

7199 "ON 310N IR2IUYDBL "V O°'V'N

gI*21°s914




Rolling-moment
coefficient

Yawing-momenti

Hinge-moment
coefficient, Cy,.

. Cy'.

coefiicient, Cn'.

{e) Flap neutreal

Aileron defleclion, &, ,deg.

(o) Flap ai 0.65 cy

(c) Flap at 0.85 ¢y,

Figure 13.- Rolling-,yawing-, arid hinge-moment coefficients of 0.16 ¢, by 060 b/2 plain alleron on rectangular
. wing with full-span 0.20¢,, sp)it flap deflected 80° at two locations.
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(a) Flap neutral

Figure 14.- Rolling-,yawing-, and hinge-moment coefficients of 0.10¢, by 1.00 b/2 plain aileron on rectangular
wing with full-span 0.20¢cy split flap deflected 60° at two locations.

Aileron deflection, 65 ,deg.
(b) Flap at 0.70 cy ’ (c) Flap at 0.90 ¢y
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(a) Flap neuiral

Aileron deflection, 64 ,deg.

(b} Flap at 0.65 ¢y

(c) Flap at 0.85cy

Figure 18.- Rolling- yawmg— and hinge-moment coefficients of 0.15 ¢, by 0.60 b/2 5:1 tapered plain aileron on 5:1
tapered wing with full~span 0.20cy 5:1 tapered split flap deflected 60° at twa locations.
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